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EXECUTI VE SUMVARY

Desi ccants have been used in the manufacturing industry for over
50 years, but have only recently entered the Heating, Ventila-
tion, and Air Conditioning (HVAC) arena. VWhile the private
sector has shown an increasing interest, very fewmlitary
installations have installed desiccant systens, and only then in
speci ali zed applications. Depending on climate and facility

| oadi ng, a high percentage of a building’ s cooling | oad can be

| atent (noisture) load. This portion of the cooling process
requi res conventional cooling equipnment to operate at tenpera-
tures | ow enough to cool the air to its dew point tenperature,
where dehum di fication via condensation on the coils begins. It
may then be necessary to reheat the air to a confortable tenpera-
ture before it enters the occupi ed space.

A desiccant dehum dification system (DDS) uses a desiccant to
remove water fromair. Due to the high tenperature at which a
desi ccant wheel operates, the unit then cools the air with a heat
exchange mechani sm such as a thermal wheel or heat pipe. Renov-
ing noisture fromair decreases the anount of energy needed to
cool the air supplied to the user and increases the confort |evel
in the conditioned space. Using desiccant systens greatly
reduces that noisture accumul ation in ducts and around coil s,
inhibiting the growh of nolds and the formation of m | dew

Wil e research in desiccant dehum dification technol ogy devel op-
ment has continued for several years, commercial applications of
desi ccant dehumi dification technol ogy have been limted in the
past by material and manufacturing considerations. Presently,
desi ccant dehum dification systens capacities up to 30,000 cfm
are nearing conmmercialization. Since these systens are heat
driven and not electrically driven, they can reduce site peak

el ectrical demand and levelize utility |oads, allow ng nore

ef ficient power plant operation. Reduced chiller |oads, reduced
electricity peak denmand, and elimnation of air reheating re-



qui renents conbine to reduce energy costs. Desiccant dehum difi -
cation systens can reduce or elimnate the use of harnful CFCs in
t he HVAC system by conditioning air wiwth natural gas or liquid
propane gas (LPG as the primary fuel.

Desi ccant dehum dification systens may of fer advantages for
mlitary applications over other energy supply options by provid-
ing increased force readiness, greater reliability, humdity
control for areas with sensitive material and equi pnent, reduced
envi ronnment al inpact, and energy cost savings.

PRE- ACQUI SI Tl ON
TECHNOLOGY DESCRI PTI ON AND APPLI CATI ON
The “Conventional” Air Conditioning/Ventilation Process

Conventional air conditioning systens are typically controlled by
a thernostat (or sonme simlar receiver/controller conbination).
Controls are set to keep the space dry bulb tenperature from
exceeding the thernostat setpoint. To maintain the setpoint,
conditioned air is typically introduced into the space approxi -
mately 20 EF | ower than the setpoint, so that the conditioned air
can absorb the “sensible” heat entering the space. Having
“absorbed” this heat, air fromthe space is drawn back to the air
handling unit, where its tenperature is again decreased before
bei ng supplied back to the space. The tenperature decrease is
acconplished by the returned air being drawn through (or bl own

t hrough) a cooling coil within the air handling unit. The coi

is typically a specially designed finned-tube heat exchanger that
contains a relatively cold circulating fluid (usually chilled
water or a refrigerant) into which heat fromthe air is trans-
ferred. This situation is often nore conplicated by the fact
that sonme outside air is then mxed with the returned air from
the space, and that mxture is cooled by the coil. The nost
common reason for introducing outside air is to provide ventil a-
tion for the occupants of the space.

As the cooling coil reduces the dry bulb tenperature of the air
so that the air, in turn, wll provide sensible cooling for the
space, the dry bulb tenperature of the air is reduced al nost to
its dew point tenperature. |In fact, a considerable portion of
the air actually reaches saturation due to its contact with, or
proximty to, the cooling coil, which has a tenperature consider-
ably lower than the air’s dew point tenperature. As a result,

wat er condenses fromthe air on to the coil. Judicious selection
of airflow velocities (< 500 ft/mnute) wll allow the condensate
to drip into a collection pan fromwhich it wll drain instead of
bei ng bl own through the ductwork.



The descri bed process, which began with the objective of keeping
the dry bulb tenperature of a space fromexceeding a thernostatic
set point, produces a condition where the air introduced is not
only cooler, but also drier. One device, the cooling coil, has
performed dual service by both |owering the dry bulb tenperature
of the air and reducing its noisture content. The noisture
removal has not been incidental or accidental; the cooling coi
was sel ected based on its capability to renove the space and
outside air sensible and |atent (noisture) |loads estimated to
occur on a “design day.”

Potential Problens with the “Conventional” Process

“Design day” conditions are generally defined as the dry bulb
tenperature and its nmean coincident wet bulb tenperature that are
equal ed or exceeded 2.5 percent of the tine, on the average,
during June, July, August and Septenber (nonths applicable for
DOD installations in the contiguous United States). GCenerally,
under design day conditions, the conventional process described
previ ously can produce satisfactory conditions of dry bulb
tenperature and relative humdity within the space (design and
selection of the air conditioning system conponents were based on
desi gn day conditions). For an appreciable anount of tinme, off-
design conditions prevail during which the proportion of the
latent load to the total outside air cooling load is likely to

i ncrease, conpared to the ratio at the design day conditions.
Table 1 lists outside conditions for a DOD site:

Table 2 lists latent cooling ratio for the outside air condi-
tions, assumng, for sinplicity, unity flow for the above condi -
tions, the sensible, latent and total |oads. The nunbers in
Tabl e 2 should not be construed to nean that the conventi onal
process will necessarily provide poor indoor environnental
conditions at off-design conditions. Space |oads may predom nate
over outside air |oads and the sensible heat ratio for the coi
may stay relatively constant over the range of outdoor air
conditions. The nunbers do suggest there could be a problem
particularly for facilities where the outdoor air | oad on the
coil is alarge part of the coil total cooling load. It has
beconme nore likely for this to happen follow ng the issuance of
ASHRAE St andard 62-1989, which calls for nore outdoor air than
previously required (as much as 20 cfnfperson) for ventilation.

Trying to inprove indoor air quality retroactively through
conpliance with the ASHRAE standard can be futile in many cases
because the existing equipnment | acks the capacity to handl e the



TABLE 1
OUTDOCR CONDI TI ONS

DRY BULB TEMP | VET BuLB | SPECI FI C HUM DI TY ANNUAL
(BI N AVERAGE TEMP (GRAINS/ LB

(EF) (EF) Al R) HOURS

102 74 81.1 4

97 74 89. 2 49

94 75 100.1 DESI GN DAY

92 74 97.3 250

87 72 93.8 479

82 71 96. 3 659

77 69 93.5 921

TABLE 2

LATENT COOLI NG RATI O FOR QUTSI DE Al R CONDI TI ONS

TOTAL | LATENT/
SENS| BLE LOAD LATENT LQAD LOAD TOTAL
1.08 X (102 -75) = 29.16|0.68 X (8L 1-65)=10. 95 20. 11 0.273
1.08 X (97 - 75) = 23.76|0.68 X (89. 2-65)=16. 46 20. 22 0. 409
1.08 X (94 - 75) = 20.52|0.68 X (100. 1- 65) =23. 87 4439 0.538
1.08 X (92 - 75) = 18.36|0.68 X (97.3-65)=21. 96 20. 32 0.545
1.08 X (87 - 75) = 12.96|0.68 X (93. 8- 65)=19. 58 32.54 0. 602
1.08 X (82 - 75) = 7.56 |0.68 X (96.3-65)=21. 28 28. 84 0. 738
1.08 X (77 - 75) = 2.16 |0.68 X (93.5 65)=19. 38 21.54 0. 900

additional |oad inposed by the increased anount of (hum d)
outside air. Further, the sensible heat ratio for the coil wll
likely differ, perhaps significantly, even for design day condi -
tions, since the outdoor air load will be a | arger proportion of
the total cooling load. The Air Force (and ASHRAE) have recog-
ni zed that, for nunmerous |ocations, operational problens at off-
design conditions may |likely occur using the “design day” concept
expl ai ned above as the basis for air conditioning design. |In an
attenpt to mnimze or elimnate, these problens, the Air Force
is (by contract) restructuring the data contained in the docunent
Engi neeri ng Weat her Data (AFM 88-29, TM 5-785, NAVFAC P-89) to,
anong ot her things, highlight for designers those |ocations where
chronically high outdoor humdity | evels need to be addressed
during the design process.

Note that the conventional process can be nodified, with sone
increase in control conplexity and first cost to achieve inproved



i ndoor environnental conditions under off-design outdoor condi-
tions. The nodification essentially overcools the air in re-
sponse to a call for dehumidification froma hum distat (or by
turning down a thernostat), then reheating the cold dry air as
necessary to ensure that the thernostat dry bulb tenperature
setpoint is not exceeded. As noted, this schene increases the
controls conplexity and first cost. The primary increase in
cost, however, results fromthe cooling systemrunning |onger to
dehum dify the air and the air subsequently requiring reheat.
This type of nodification is sel dom enployed due to the addi -

tional costs just cited. It is used for spaces where precise
hum dity control is essential, such as |laboratories, clean roons,
and hospital operating roons. It would be extraordinary (and

expensi ve) for reheat to be enployed for an office building (or
for numerous other types of facilities). For those types of
facilities, off-design outdoor conditions may well result in a
somewhat hum d i ndoor environment. Alternatively, to address
occupant conplaints of disconfort, the thernbstat setpoint may be

| onered, reducing the indoor humdity level. wthout reheat
control, this action can |ead to conpl aints because the space
wll feel too cold. Poor indoor environnmental conditions often

result in worker/occupant disconfort and decreased productivity.

Anot her potential problemw th the conventional process is that
of m crobial and fungal growmh in condensate drain pans. These
can be carried into the ductwork and deposited where further
grow h can occur. Mcrobes and bacteria can be introduced into
the space from breedi ng grounds in the pan or ductwork, causing
occupant disconfort and possible allergic reactions or illness.
Reheat will not solve this potential problem Biological fouling
of ducts may pose a serious problemin sensitive spaces such as
operating roons requiring a sterile environnent. To sunmari ze,
potential problens wth the conventional process are:

- difficulty in providing satisfactory indoor environmental
condi tions when of f-design outdoor conditions are experienced

- first cost and operating expense increase when the conventi onal
systemis nodified with reheat control to provide satisfactory
envi ronnent al conditions when of f-design outdoor conditions

- difficulty in nodifying existing conventional systens to handle
addi tional outdoor air cooling load resulting fromincreased
ventilation rates called for by ASHRAE Standard 62-1989

- indoor air quality problens due to mcrobial or fungal growth
i n condensate drain pans and ductworKk.



Desi ccant Dehum dification Ofers Possi ble Sol uti ons

Desi ccant dehum dification equi pnment can, in nany cases, address
the problens cited above for the conventional process. There are
basically two types of desiccants (materials that can directly
remove noisture fromthe air):

- asolid material such as silica gel or nolecular sieve that is
deposited on the flutes of a rotating honeyconb wheel

- a hygroscopic liquid that is sprayed into the air streamto
renove noisture.

The dehum dification process is simlar for each type. For
sinplicity, the follow ng discussion is focused on solid desic-
cant equipnent. Figure 1 shows the desiccant wheel operation.
Hum d process air (which will be supplied to the occupi ed space)
passes through the desiccating portion of the desiccant unit
where the air is dehumdified. The process air experiences a
significant increase in its dry bulb tenperature due to: (1) the
| atent heat rel eased on condensation of the renoved water, and
(2) the tenperature of the wheel due to the heat required to
regenerate the desiccant. The desiccant wheel, belt- or chain-
driven by an electric notor and | aden with noisture fromthe
process air, rotates slowy (~ 0.2 revolutions/ mnute) into a
separate hot air stream which will renove that noisture so that
the “regenerated” desiccant can absorb noisture when it rotates
back into the hum d process air stream

Figure 2 shows the desiccant wheel relative to the other conpo-
nents typically provided to nmake the systemwork. Note that two
nodes of operation are shown: RECI RCULATI ON and VENTI LATION. The
choice as to which node is preferable depends on first cost

di fferences, the specific building application, utility rates,
and climate. Regardless of the node of operation, separate fans,
one to nove the process air and the other to nove the regenera-

FI GURE 1. DESI CCANT WHEEL OPERATI ON.



FI GURE 2. DESI CCANT WHEEL RELATI VE TO OTHER

COVPONENTS.
tion air, are used. On the process air side, the humd process
air typically enters the desiccant at state 1 and energes at
state 2, dryer and hotter. The hot, dry process air at state 2
t hen passes through a heat exchanger where it is sensibly cool ed
to state 3. Usually, the process air at state 3 is too warmto
deliver to the space and achi eve sensible cooling. Consequently,
sone final elenment such as a direct evaporative cooler or cooling
coil is used to condition the air to state 4 before its entry
into the space.

On the regeneration air side, exhaust or outside air at state 5
passes through a direct or indirect evaporative cooler to reach
the condition at state 6. This air is cooled so that it can, in
turn, cool the heat exchanger, after which the air is at state 7.
The air at state 7 is then heated by the regenerator to the much
hi gher tenperature at state 8. Fromstate 8 to state 9, the air
regenerates the desiccant. It is not readily obvious why air the
used to regenerate the desiccant should be initially cooled. One
woul d t hi nk substantial energy waste m ght result. However, the
process uses relatively inexpensive evaporative cooling. This
cooling allows the heat exchanger to cool the process air nore
effectively. The heat fromthe process is transferred to the
regeneration air, increasing its tenperature and reducing the
anount of energy that nust be supplied by the regenerating
heater. The heat exchanger may be a pl ate-type heat exchanger

t hermal wheel, or heat pipe, depending on the desiccant unit
manuf acturer. (The latter two types are the nost common.) For
all types, the energy transferred is principally sensible heat.
The thermal wheel is driven in a manner simlar to the desiccant
wheel, but rotates faster (10 to 20 revolutions/mnute). Sone
potential process air mxtures that nay be enpl oyed are:



- 100% outside air, all desiccated
- only outside air desiccated, then mxed with return air
- outside air and return air mxed, with the m xture desi ccat ed.

I n nost cases, regardless of the source of the air to be desic-
cated, sone final dry bulb tenperature reduction wll be re-
quired, usually requiring a cooling coil. However, this coi

will likely not have to do any further dehum dification. Basi-
cally, using the desiccant for dehum dification has enabl ed the
decoupling of the dry bulb cooling and dehum dification pro-
cesses, allowing the cooling coil to do sensible cooling with
mnimal (if any) latent cooling. This decoupling enables the
desi ccant systemto address the problens cited earlier for the
conventional system as described in the foll ow ng paragraphs.
The desiccant system can provide the dehum dification required to
nmeet the space’s latent | oad for the process air under al

outdoor air conditions. The cooling coil wll provide the

requi red sensible cooling and renove any residual noisture so the
air introduced into the space will also neet the space’s sensible
cool i ng | oad.

The desiccant unit itself is generally |arge and heavy, and wll,
if anything, result in increased first cost conpared to adding
reheat to a conventional system However, installing a desiccant
can result in reduced operating cost conpared to a conventi onal
systemw th reheat. This is nore |likely where the cost of
electricity is high conpared to natural gas (fuel used as the
energy source for desiccant regeneration). The user needs to
bear in mnd the fact that electrical billing for DOD facilities
typically has two conponents, an energy charge and a demand
charge. The demand charge is usually a significant portion of
the total cost for electricity. Wen an electrically powered
water chiller or electrically powered direct expansion equi pnent
woul d ot herw se be used to provide |atent cooling, a desiccant
used for that purpose wll reduce both electrical demand and

el ectrical energy consunption, and the associ ated cost for each.
Energy consunption for reheat would be elimnated. Potenti al
reduction in evaporator tenperature to ensure adequate noisture
removal woul d not be necessary. A dry cooling coil to enhance
heat transfer may actually permt an increase in evaporator
tenperature wthout sacrificing sensible cooling capability.

Wth the air in the space drier due to the desiccant’s deep
dehum dification capacity, it my also be possible to increase
the dry bulb tenperature setpoint for the space w thout sacrific-
i ng occupant confort.



Latent cooling using desiccation nay be alnost free in circum
stances where waste heat, such as that froma natural gas engine-
driven chiller, may be used for desiccant regeneration. Ancil-
lary environnental benefits can result when latent cooling is
acconpl i shed through desiccation, instead of by subcooling the
air streamusing electrically-powered equi pnent. This will occur
when the primary energy source for desiccation is clean-burning
natural gas, and the electrical energy that woul d ot herw se be
required for the electrically-powered equipnent is froma coal -
or fuel oil-fired power plant.

Installing a desiccant unit may well be the | east-expensive way
toretrofit a facility to ensure conpliance with ASHRAE Standard

62-1989. Increasing the amount of ventilation air will generally
i ncrease the sensible and |l atent cooling | oads inposed on the
cooling coil. The exception, of course, would be when outside

air conditions and a facility cooling | oad warrant air-side
econom zer operation. The latent cooling capacity of the desic-
cant can “free-up” equivalent capacity in the chiller or direct-
expansi on equi pnent, allow ng that equipnment to possibly neet the
addi tional sensible cooling |oads arising fromthe increased
ventilation air flow Simlarly, the cooling coil may well
experience no increase in total load, with the increase in
sensible load fromthe increased anount of outside air negated by
the renoval of nost, if not all, of the outside air |atent |oad
it formerly had to renove plus the additional latent |oad due to
the increased anount of ventilation air. Further, the cooling
coil should performnore effectively since sensible heat ratios
will invariably be high.

The foregoing discussion | eads to the conclusion that m crobi al
or fungal growh in the condensate drain pan and ductwork shoul d
be elimnated since the cooling coil wll be a virtually dry coi
for the vast majority of the tine.

Types of facilities where desiccant technology may well be
applied to performance and econom ¢ advantage include refriger-
ated war ehouses, ice rinks, supermarkets, |aboratories requiring
cl ose tolerance on relative humdity and/or wth significant
makeup air requirenents, educational facilities, humdity-con-
troll ed warehouses, lodging facilities, comm ssaries, and nedi cal
facilities (particularly operating roons).

COSTS AND BENEFI TS

The main factors that wll determ ne the anmount of energy and
energy cost savings achievable by installing a desiccant system
have been inplicitly covered already. The desiccant unit wll
require electrical energy for the process and regeneration fan



notors, the fractional horsepower notors required to drive the
desi ccant wheel and (if used) thernmal wheel heat exchanger, the
hot water circulating punp notor when hot water is used for

desi ccant regeneration, and for any evaporative cooler water punp
motors. The | argest energy use by the desiccant unit is for the

heat required to regenerate the desiccant material. GCenerally,
this heat is produced by conbustion of natural gas. To undertake
an accurate analysis, the user will have to nmake a prelimnary

sel ection of a desiccant unit suitable for the application and
obtai n manufacturer’s data regardi ng notor horsepower and regen-
eration energy requirenents for the anticipated nodes of opera-
tion. Another cost that nmust be included is the cost to provide
the final sensible cooling that nay be required to decrease the
dry bulb tenperature of the desiccated process air streamprior
to its being introduced into the space. The user nust ensure
that the cost for electrical demand is included. The denmand
charge is a cost for electrical power (kW, not electrical energy
(kwh). The desiccant unit’s thermal energy and electricity costs
woul d be wei ghed agai nst the energy and denmand costs for the
conventional systemto deliver the sane anobunt of air to the
space at the sanme conditions. To ensure a fair conparison, costs
shoul d be included for any subcooling and reheating that would be
required for a nodified conventional systemto provide the sane

i ndoor conditions as the desiccant system would provide, for al
out door conditions occurring when dehum dification and/or sensi-
bl e cooling would be required to provide those i ndoor conditions.

EXAMPLE COST SUMVARY

This exanple is for a desiccant unit placed on an Avionics
facility in Jacksonville, FL. The local natural gas cost is
$0.35/thermand the local electricity cost is $0.068/ kwWw. The
el ectrical demand charge is part of the base rate ($0.068/ kW),
SO no separate cost for demand is in the cost summary. The
desiccant unit capacity is 5670 cubic feet per mnute (cfm and
t hat anount of desiccated air is mxed with 15,130 cfmof return
air. This system operates approxi mately 7050 hours per year.
The desired conditions in the conditioned space are 75 EF and 42
percent relative humdity (RH). The return air is typically 78
EF and 62% RH. The energy use and cost conparison is between a
conventional cool/reheat systemthat uses steamfor reheat at a
cost of $14.75/MBtu and a cooling systemretrofitted with a

desi ccant dehum dification unit to dehumdify the outside air.
The desiccant unit energy consunption is based on data from
Engel hard/ 1 CC. The desiccant unit is expected to | ast 20 years,
with a maj or overhaul scheduled for the tenth year for life cycle
cost calculations. The cost of the 5670 cfmunit is approxi-
mately $61,000. Installation costs are estimated to be $75, 000
for a roof-mounted unit of this size. The maintenance require-



ments are estimated at 100 hours per year for this unit. Minte-
nance | abor costs, at a cost of $35.00/hour, would be $3500/year.

Tabl e 3 was devel oped using a prelimnary energy and econom cSs
anal ysi s spreadsheet created for use in screening of candidate
sites for desiccant technol ogy application. Evaluation of
potential projects with this screening tool can be performed by
USACERL. The primary inputs necessary for this screening include
buil ding function, size of area, local utility rates, |ocal

weat her data, description of current system and conditioned
space requirenents.

TABLE 3
COST SUMMARY OF CONVENTI ONAL VS. DESI CCANT SYSTEM
CONVENTTONAL [W TH 5670 CFM

PARAVETER SYSTEM DESI CCANT
ELECTRI O TY RATE (%7 KVA) 0. 068 0. 068
NATURAL GAS RATE ($/ THERM) 0. 35 0.35
ANNUAL ELECTRI CTTY (KVH) 674, 327 544, 911
ANNUAL NATURAL GAS (MVCF) 0 2,000
ANNUAL ELECTRICTTY COBT (9) 45, 517 36, 781
ANNUAL NATURAL GAS COST (39) 0 7,080
ANNUAL REHEAT COST (39) 23,933 0
TOTAL ANNUAL COBT (9) 69, 450 43,861
ANNUAL SAVI NGS (3) 25, 589

The payback period on the investnent is then:

[Initial Cost, Installed]/[Annual Energy Savings - Annual Labor Cost]
[ $61, 000 + $75,000] /[ $25,589 - $3500] = 6.16 years.

UTI LI TY AND SPACE REQUI REMENTS

I n pl anni ng possi bl e use of desiccant dehum dification equi pnent,
t he user nust consider whether electricity, water (for evapora-
tive cooling) and an energy source for desiccant regeneration
(usually natural gas) will be available at the site in sufficient
quantity and (for natural gas) at the proper pressure. |If not

al ready avail able as required, the user nust consider whether
utilities can be brought to the site in the quantities and at the
pressures required, and how nuch it will cost. Qher siting
considerations include unit size and wei ght, and cl earances
required for safety, maintenance, and adequate air flow. The
latter information is usually avail able fromreputable vendors.
O course, before considering the siting issues, the user nust
exam ne performance data supplied by various desiccant vendors
and at least tentatively select nodels that will provide the



degree of dehum dification required for the application under
consideration. Desiccant units can be roof-nmounted (wth appro-
priate curbs supplied by the vendor) or ground-nmounted. |If roof-
mount ed, provisions should be nade for safe access to the roof.
The structural strength of the existing roof and supporting
fram ng nust be checked for adequacy. Aesthetics are invariably
a consideration for either roof- or ground-nounted units. Roof-
mounted units may have to be | ocated away fromthe edges of the
roof or behind a parapet wall to mnimze the unit’s visibility .
Ground nounting nmay require the expense of a screen wall or
fence. Table 4 lists possible vendors gleaned fromthe third
edition of the Natural Gas Cooling Guide, published by the
Anerican Gas Cooling Center.

TABLE 4
DESI CCANT VENDOR LI ST

COVPANY PHONE FAX

Al RFLOW COVPANY 301- 695- 6500

DRYOVATI C GENERAL PRCODUCTS GROUP | 301-631-0396

ENGELHARD/ | CC 215-625-0700 |215-592-8299
KATHABAR SYSTEMS DI VI SI ON 908- 356- 6000

SOVERSET TECHNOLOG ES | NC. 908- 356- 0643

MUNTERS CORPORATI ON 210- 651-5018

DRYCOOL DI VI SI ON 210- 651- 9085

SEASONS 4 | NC. 404-489- 0716 |404-489-2938
SEMCO | NCORPCRATED 314-443-1481 |314-443-6921

ACQUI SI TI O PROCUREMENT
ACQUI SI TI ON PROCUREMENT STRATEGY

The initial step in the typical DOD acquisition process is design
acconpl i shed under a design contract. Construction then follows
based on the design plans and specifications that have been
incorporated into a construction contract. Wthin DOD, project
specifications are usually an assenbl age of generic gui de speci-
fications edited to address the specific requirenents of a
particul ar project.



Qui de specifications for particular itenms of equi pnment are
generally the result of considerable research and experience with
different types of equipnment intended to performa given task or
function. They are usually based on technical criteria and

gui dance that have been devel oped within the Governnent and refer
to standards that industry has devel oped for the equi pnent and/or
its conmponents. Over time, the guide specification witer

el imnates portions of guide specifications that have all owed
equi pnent to be procured and installed that perfornmed inade-
quately or failed prematurely. Portions of guide specifications
dealing with equipnent that has perforned well are, of course,
retained. At this tinme, the Corps of Engineers is devel oping
gui de specifications and technical guidance for desiccants for
DOD facilities in general. However, designers of DOD conm ssar -
i es have been specifying desiccants for their facilities for
years and have devel oped gui de specifications for the systens
appropriate for their facilities. There are alternative ap-
proaches avail able to the typical design and construction sce-
nari o outlined above. An integrated design/build approach may be
taken. A Request for Proposals (RFP) is issued which indicates
the functional and performance requirenents for a project to
prospective offerors. The Governnent then reviews the proposals
and selects the one offering the best value in satisfying the
requi renents in the RFP. This approach is one possible way to
install a satisfactory desiccant system USACERL can provide a
sanpl e scope of work and equi pnment specifications.

DESI GN CONS| DERATI ONS

The designer must revisit the system performance consi derations
mentioned previously. Decisions about the source of the air for
desi ccation nust be nmade (100% outside air supplied to the space,
outside air subsequently mxed with return air or outside air and
return air m xed, then desiccated); source of air for regenera-
tion (outside air, exhaust air or a mxture of the two); nedium
for regeneration (steam hot water, or products of conbustion
[direct or indirect]); and nethod(s) for process air post-cool-

i ng.

The desi gner shoul d thoroughly exam ne the existing heating,
ventilating, and air-conditioning (HVAC) systens already serving
the spaces that wll be served by the desiccant unit to determ ne
how the unit should interface wth the existing equipnent, froma
control as well as physical standpoint. The sequence of opera-
tion and a control diagramfor all fans, punps, and operators for
danpers and val ves shoul d be provided on the design draw ngs.
Internal controls to be provided as an integral part of the
desiccant unit should be specified as such. Ladder diagrans
showi ng safety interlocks and all on/off controls should be



provi ded. Proper control design, installation, and docunentation
are paranmount if the desiccant unit and the entire HVAC system
are to neet the requirenents of the spaces to be served, and do
so cost effectively.

The designer should indicate in the specifications that conplete
operation and mai ntenance nmanuals are to be provided for the
desiccant unit. Mnuals will clearly explain the function of
each maj or conponent of the desiccant unit -- desiccant wheel,
regenerator, etc. and indicate maintenance intervals and proce-
dures for all unit conponents for which maintenance wll be
required. Manuals wll contain control draw ngs and schematics
as outlined in the precedi ng paragraph. Specifications should

al so indicate that the contractor and desiccant unit manufacturer
will provide training (clearly specifying the duration and nunber
of trainees) regarding operation of the desiccant unit and the
HVAC system of which it is to be a part. Such training can be
omtted if maintenance will be perforned under a service con-
tract. Strong consideration should be given to entering into an
extended warranty agreenent. The designer nust design for

mai ntai nability, ensuring proper clearances around the unit in
accordance with the manufacturer’s recomendati ons so as not to
conprom se safety, access, and perfornance.

CONSTRUCTI ON CONSI DERATI ONS

It is highly recommended that the project specifications require
detailed contractor submttals for the desiccant unit itself and
t he HVAC/ desiccant controls. These submttals and all contractor
substitution proposals should require “E [ Engi neer]- |evel”
revi ew and approval or disapproval. Further, it is recomrended
that the Governnment contract with the designer to provide these
review services as an extension of his design. The designer
shoul d al so devel op the as-built drawings for the project.

POST ACQUI SI TI ON
COWM SSI ONI NG

It is recormended that the entire system be tested under norna

as well as extrene operating conditions. Sinulation of design-
day performance and off-desi gn performance shoul d be perforned

i mredi ately after installation and before final acceptance is

i ssued. The conmm ssioning process can be perfornmed by the
custoner or by a third party. Witten schedules and | ogs for
recordi ng mai nt enance shoul d be provi ded and kept near the unit
for convenience. Lam nated schematics and preventive nmaintenance
gui des shoul d al so be provided and kept near the desiccant unit.



It is also recommended that the operators attend a detail ed

trai ning session on the equi pnment before the custoner issues

final acceptance of the system The training should include on-
site instruction and witten materials, an explanation of the
concept of desiccant dehum dification and its role in nodern HVAC
systens, description of the system conponents, analysis of the

i nternal operation, recommended preventive maintenance to be
schedul ed and perforned, troubl eshooting tips, and a manuf ac-
turer’s point-of-contact for warranty issues.

OPERATI ON AND NMAI NTENANCE | SSUES

Routi ne mai nt enance for optiml system perfornmance incl udes:

1. | nspection and filter replacenent at intervals recomended
by equi prrent manuf acturers

2. Lubricate desiccant and heat exchanger wheel bearings tw ce
per year

3. Lubricate fan notor bearings tw ce per year

4. Check/ cl ean evaporator pads at the beginning and end of
cool i ng/ heati ng seasons

5. Check controls and settings tw ce per year

6. Clean unit, fans, and coils as required by conditions (at
| east annual |l y)

7. Repair any broken or defective part whenever reported or
found (i nmedi ately)

8. Report to Post Engi neer any probl em when found (imedi ately)

9. Bal ance system and optim ze performance of units based upon

| oads tw ce per year
10. Tune burners at |east once per year (when applicable).
PERFORVMANCE EVALUATI ON

The performance of a desiccant unit and the HVAC systemit
operates within can be eval uated by using Energy Managenent
System (EMS) equi pnent or a separate data | oggi ng conputer and
sensors. Feedback from occupants, neasurenents of tenperature
and humdity in the occupi ed space, and inspection of materials
in the occupi ed space al so serve as inportant indicators in the
eval uation of the performance of the desiccant equi pnment.



Dat a shoul d be collected fromeach desiccant dehum dification
systemfor a period of 90 cal endar days during the sunmrer.

Addi tional nonitoring in spring, fall, or winter to determ ne
transition season or heating node performance may al so be benefi -
cial. The nonitoring should be consistent with the Data Acqui si -
tion and Dat abase Managenent (DADM standard system nonitoring
protocol with 15 mnute (or less) scan intervals. These inter-
val s should entail, at a mninmum the follow ng neasurenent

poi nts or equival ent points such that system performance, therm
efficiency, and electrical efficiency, can be determ ned:

1. CQutdoor anbient tenperature

2. Qut door ambient relative humdity
Bui | ding supply air tenperature
Bui |l ding supply air relative humdity

Heating coil exit tenperature

o 0k~ w

Supply air stream pressure drop through system
7. El ectrical energy consunmed by desiccant unit
8. Regenerati on energy consunmed by desiccant unit

9. Runtime for each air conditioning unit and desiccant system
serving the site

10. Air tenperature in the occupi ed space(s)
11. relative humdity in the occupi ed space(s).

Not e, sensors that need to be placed inside the desiccant unit
can be installed by nost manufacturers before the unit is

shi pped. This protects the custonmer frompotentially voiding the
warranty due to danmage to the equi pnent that could occur during
installation of internal data collection devices. Mters should
be included in the design docunents for the energy supply |ines
and installed along with the utility lines.

CASE STUDY

Several desiccant-based systens have been installed at DOD sites.
A performance nonitoring effort was conpleted at one site, but no
historical utility billing information is available for any of
the denonstration sites. This has nade even a qualitative
analysis of the billing data difficult. Information is avail able



fromone denonstration site, where sone of the critical variables
were nonitored after the desiccant systemwas installed. The
nmoni toring data include outdoor dry-bulb tenperature and relative
hum dity, process air (supply) dry-bulb tenperature and rel ative
hum dity, process air flowrate, run tinme of the unit,
regeneration air tenperature, electricity consunption, and
regeneration gas consunption. The facility, its systens, and the
prelimnary nonitoring data are presented in the foll ow ng
section.

BURCER Kl NG RESTAURANT

The first Arny denonstration systemwas installed at a Burger
Ki ng restaurant at Aberdeen Proving G ound (APG, MD. Fast food
restaurants, large dining facilities and ot her common areas
present a uni que situation, because of high occupant density.
USACERL wanted to eval uate the use of desiccant-based systens as
an air-conditioning solution for such facilities.

The building is an Arny-owned Burger King franchise that is
representative of a typical fast food restaurant. It is open 24
hours per day, 7 days per week. Several rooftop air-conditioning
units serve the building (kitchen, dining area, and bat hroons).
The dining area was isolated for this study, because its
occupancy density is highest.

Initially, the dining area had two packaged rooftop air
conditioning units (5-ton and 7.5-ton) supplying 700 cfm of
ventilation out of a total supply flowrate of 5, 000 cfm

Al t hough the peak design | oad matched the equi pnment nom nal
capacity (12.5-ton) for the dining area, the conponents of the

| oad (sensible and latent) did not match the equi pnent
capacities. At the design conditions, the nom nal capacity of
the two units was reduced from12.5 tons to 10.5 tons,

approxi mately 13% bel ow t he design | oad (because of supply fan
reheat and other losses). The total latent capacity of the units
at the design conditions was al so | ess than the required design

| atent capacity (Meckler et al. 1995). This shortage was
exacerbated by off-design conditions in which the |atent
conponent of the total load did not drop off nearly as quickly as
t he sensi bl e conponent. Because of these problens, the two
packaged units were unable to adequately dehum dify and cool the
air simultaneously, resulting in frequent hot and humd
conditions in the dining area. As a renedy, a nomnal 1,600 cfm
t wo- wheel desiccant dehum dification system (TWDDS) manuf act ur ed
by Engel hard/1CC was installed in the year 1994 as a

col | aborati on between Engel hard/ 1 CC, APG and USACERL to
denonstrate desiccant technol ogy under the Arny’s Facilities

Engi neeri ng Applications Program ( FEAP).



The installation of the TWDDS was conpleted in the sunmer of
1994. Since then, the new system handles the |atent |oad from
ventilation and internal gains, and has operated reliably as
desi gned. Inprovenents in operating conditions were imredi ately
noticed by the restaurant enployees and custoners. Specifics of
the system performance are given bel ow

EVALUATI ON OF THE TWO- WHEEL DESI CCANT DEMONSTRATI ON SYSTEM

The objective of this denonstration was to eval uate the cost-
ef fectiveness and energy conservation potential of the TWDS as
it conditioned the air to the appropriate confort |level for the
di ning area occupants. The design concept was to separate the
sensible (internal gains) and latent (ventilation and i nternal

| atent) cooling functions. The sensible cooling was handl ed by
the existing 7.5-ton rooftop unit and the latent cooling was
acconplished by installing a new TWDS, which replaced the
existing 5-ton rooftop unit. By separating the cooling
functions, the effectiveness of the conventional vapor
conpression system and the desiccant-based system was maxi m zed.

The TWDDS (Figure 3) conbines a rotary desiccant wheel with a

hi gh-effectiveness rotary heat-exchanger wheel. This conbination
transfers sonme of the “sensible penalty” associated with

desi ccant wheel over to the regeneration air stream The unit
uses a propane-fired boiler for the remai nder of the regeneration
heat, which is housed within the desiccant unit. The TWDDS
operates in a make-up node (Figure 4). The outside air is passed
t hrough the desiccant-wheel where it is dehum dified and then
cooled as it passes through the sensible heat wheel. The warm
dry air is directed to the conditioned space by its own

FI GURE 3. TWO WHEEL DESI CCANT SYSTEM



FI GURE 4. DESI CCANT SYSTEM OPERATI NG MODE.

concentric diffuser at ceiling level, and the return air is
cool ed by the existing 7.5-ton packaged rooftop unit. The dry
air fromthe TWDDS and the cool air streans only mx inside the
di ni ng area.

PRELI M NARY MONI TORI NG DATA

Several variables were recorded at 15-mnute data intervals from
August 1994 t hrough January 1995. Figure 5 shows the daily
average outdoor air and process air dry-bulb tenperatures for the
cooling season. Figure 6 shows the daily average noisture
content for outdoor air and process air streans for the cooling
season. Wth the exception of the first 2 weeks of operation,
the noisture content of the process air stream stayed between 40
and 60 grains. The daily average electric demand was around 4
kW and the daily average gas consunption was around 30 cu ft/h.

FIGURE 5. DAILY AVERAGE OQUTDOOR Al R AND PRCCESS Al R DRY- BULB
TEMPERATURES.



FIGURE 6. DAILY AVERAGE QUTDOOR Al R AND PROCESS AIR HUM DI TY
RATI CS.
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